Study design: Retrospective cohort study. Objective: Data on patient outcomes after surgery for spinal cord tumors have been derived from single-institution series. The objective of this study is to report inpatient complications, mortality and outcomes on a national level. Setting: United States, national inpatient care database. Methods: The National Inpatient Sample (NIS) was used to identify 19 017 admissions for resection of a spinal cord tumor in the United States from 1993 to 2002. The effects of patient and hospital characteristics on inpatient outcomes were analyzed using logistic regression. Results: The in-hospital mortality rate and the complication rate were 0.55 and 17.5%, respectively. Urinary and renal complications (3.7%), postoperative hemorrhages or hematomas (2.5%) and pulmonary complications (2.4%) were the most common complications reported. A single postoperative complication increased the length of stay by 4 days, increased the mortality rate by sixfold and added over $10 000 to hospital charges. Multivariate analysis showed that complications were more likely in African Americans and patients with multiple comorbidities. The odds of an adverse outcome increased significantly with age greater than 64, multiple comorbidities and postoperative complications. Conclusion: A national perspective on inpatient outcomes after resection of spinal cord tumors has been provided. The significant negative impact of postoperative complications on mortality and resource utilization has been demonstrated. We have identified advanced age and multiple comorbidities as risk factors that predict adverse outcome. Furthermore, this study highlights the importance of avoidance, recognition and prompt management of nonneurologic complications.
Introduction
Intramedullary spinal cord tumors are rare and account for only 5-10% of spinal tumors. Spinal cord tumors are much less frequent than intracranial tumors with the overall prevalence of about one spinal cord tumor for every four intracranial tumors. 1 The most common intramedullary spinal cord tumors include astrocytomas, ependymomas and hemangioblastomas. Complete resection of ependymomas and hemangioblastomas can often be achieved because of a favorable tissue plane between the tumor and the spinal cord. In contrast, about onethird of astrocytomas are diffusely infiltrative and are treated with biopsy and postoperative radiation. 2 Evaluation of postoperative mortality, morbidity and outcomes after resection of spinal cord tumors is critical to the practice of evidence-based medicine. Medical decisions regarding treatment alternatives are guided by such evaluations. Hence, it is important to carefully examine surgical outcomes at an institutional as well as national level.
Given the relatively low incidence of spinal cord tumors, most information about patient characteristics, morbidity and mortality after surgery for spinal cord tumors has been derived from single-institution series. The objective of the current study was to define the rate of inpatient adverse outcomes, mortality rate, complication rate and the nature of complications following surgery for spinal cord tumors on a national level. We also analyze the effects of patient and hospital characteristics on outcomes such as complication rate, discharge disposition and length of stay (LOS).
Materials and methods

Data source
The National Inpatient Sample (NIS), the largest all-payer inpatient care database in the United States was utilized. This database is maintained by the Agency for Healthcare 5 The multivariate odds ratios (OR) are reported with the 95% confidence intervals (CI). For the purpose of multivariate analysis, LOS was categorized into normal LOS (less than or equal to median LOS) and prolonged LOS (greater than median LOS). Multivariate analysis was performed for the following binary outcome variables: mortality, complications, adverse outcome and LOS. Extrapolations to the entire United States population were performed using the SAS Proc Survey methodology. 7 All data analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) running on Windows XP_Pro.
Results
Utilizing the NIS from 1993 to 2002, a total of 19 017 admissions for surgically treated spinal cord tumors were identified in the United States. Table 1 depicts the patient and hospital characteristics and their association with Spinal cord tumor outcomes CG Patil et al morbidity. Of them, 9% of the patients treated were less than 18 years of age and 38% were in the 18-44 years age group. A total of 84% of patients were Caucasian and 53% were women. Altogether, 54% of patients had no comorbidities and 6% had three or more comorbidities. Most patients (73%) were treated at large hospitals. Total in-hospital complication rate was 17.5% and the in-hospital mortality rate for the entire cohort was 0.55% ( Table 2 ). The mean LOS was 7.2 days, and the median LOS was 5.0 days. The percent of patients discharged home was 79 and the mean hospital charges were 27 223 dollars. Table 3 catalogs the complications by pulmonary, postoperative hemorrhage/hematoma, thromboembolic, renal/ urinary, cardiac, infectious and neurologic. Renal/urinary complications were most frequent (3.7%), followed by postoperative hematoma or hemorrhage (2.5%) and pulmonary complications (2.4%). Postoperative neurologic deficit was reported in 1.7% of patients. The NIS dataset does not code preoperative neurologic deficits or the severity of postoperative complications, including neurologic complications. Due to this limitation of the NIS, these important parameters could not be assessed further.
The negative effects of complications on LOS, mortality, discharge disposition and hospital charges are demonstrated in Table 4 . With just one postoperative complication, the mean LOS increased by 4 days, the mortality rate increased sixfold (from 0.3 to 1.8%), the likelihood of discharge to institution other than home almost doubled and hospital charges increased by over 10 000 dollars.
Age, race, comorbidities, hospital size and hospital volume were identified as potential predictors of morbidity by the univariate analysis (Table 1) . Multivariate analysis for complications showed that morbidity was significantly higher for African American patients and for patients with comorbidities (Table 5 ). African American patients had 1.9 times higher odds of developing a postoperative complication compared to Caucasians. Also, patients with one or more comorbidities were 1.4-1.6 times more likely to have a complication. The odds of a complication were 1.6 times higher at large-size hospitals compared to small-size hospitals. However, when volume effects were calculated specifically for tumor resections, high-volume hospitals had similar complication rates as low-volume hospitals.
Multivariate analysis revealed age, three or more comorbidities and complications as significant factors affecting adverse outcome (Table 6 ). The odds of an adverse outcome in patients 65-84 years of age were 2.8 times that of patients 18-45 years of age. Patients with three or more comorbidities were 1.6 times more likely to have an adverse outcome (Table 7) . Multivariate analysis showed a very strong negative effect of postoperative complications on mortality. The odds of in-hospital death for patients with one postoperative complication were six times that of patients with no complications. Multivariate analysis for LOS showed increased LOS for pediatric patients (OR ¼ 2.1), African Americans (OR ¼ 1.6), patients who were operated in the earlier year group of 1993-1997 (OR ¼ 2.0) and who had three or more comorbidities (OR ¼ 1.6) or postoperative complications (OR ¼ 4.8).
Discussion
Postoperative outcomes of patients who underwent spine surgery for spinal cord tumors from 1993 to 2002 in the United States have been reported. Approximately 19 000 admissions from a nationally representative sample of hospitals were included in the current analysis. Previous single-institution series have reported postoperative complication rates of 11-64% with generally higher complication rates after resection of astrocytomas compared to ependymomas. [8] [9] [10] [11] [12] [13] [14] The NIS data do not afford distinction between the different pathologic types of spinal cord tumors and hence, we cannot comment on the complication rates after resection of astrocytomas versus ependymomas. Furthermore, the 17.5% complication rate we report in our study is likely an underestimate of the true complication rate because only select complications were examined. In addition, the NIS database contains only inpatient complications for that particular admission and complications that arise after discharge are not included in the NIS database. Age, gender, ethnicity, comorbidities, hospital volume and complications are potential predictors of outcome and were evaluated in this study. Due to the limitation of the NIS dataset, other previously reported factors such as tumor pathology, grade, preoperative neurologic status and extent of tumor resection that predict outcome could not be evaluated in this analysis. 2, 9, 10, 12 Also, this analysis contains only inpatient outcomes and cannot comment on long-term outcomes or recurrences. Nonetheless, this is the first study to report morbidity, mortality and the effect of postoperative complications on resource utilization on a national level for surgically treated spinal cord tumors. It is intuitive that postoperative complications would lead to a worse outcome and increased resource utilization. However, this has not been previously quantified. After controlling for factors such as age, gender and comorbidities in the multivariate analysis, postoperative complications were found to increase adverse outcome and mortality significantly. Compared to patients with no complications, patients with a single complication were four times more likely to die and almost two times more likely to be discharged to an institution other than home. Furthermore, complications dramatically increased resource utilization as demonstrated by the increase in LOS and hospital charges. Renal/urinary complications, postoperative hemorrhage/hematoma and pulmonary complications were the most commonly reported morbidities. Neurologic complications were likely underreported and recorded in only 1.7% of the cases. In our judgment, the common sensory impairments and minor neurologic deficits were likely not reported in the NIS and only major neurologic deficits were recorded. Previous single-institution series have almost exclusively focused on the description, prevention and management of neurologic complications. [8] [9] [10] [11] [12] [13] [14] Our study demonstrates the significant negative impact of mostly nonneurologic complications on patient outcomes. Therefore, avoidance, recognition and prompt management of neurologic as well as nonneurologic postoperative complications is extremely important in the successful surgical management of patients with spinal tumors. Multivariate analysis found that odds of a complication increased with African American ethnicity and with the presence of preoperative comorbidities. Odds of death or discharge to an institution other than home increased with advanced age, multiple comorbidities and postoperative complications. Our previous analysis of patients undergoing surgery for spinal metastasis in the United States showed that the majority of patients with spinal metastasis had at least one preoperative comorbidity. 5 We also demonstrated a strong negative impact of comorbidities on adverse outcome in patients after surgical resection of spinal metastasis. In contrast, over 80% of patients undergoing resection of spinal cord tumor had no or one comorbidity. Hence, in general, patients undergoing surgery for spinal cord tumors are healthier than patients undergoing surgery for spinal metastasis. In contrast to the significant negative influence of comorbidities seen in spinal metastasis patients, the current analysis shows only a modest impact of multiple comorbidities on adverse outcome. In summary, a national perspective on inpatient complications and outcomes after surgery for spinal cord tumors in the United States has been provided. The significant negative effects of postoperative complications on discharge disposition, LOS, mortality and resource utilization have been demonstrated and quantified. We have shown that advanced age and multiple comorbidities are risk factors that predict adverse outcome. Furthermore, this study highlights the importance of avoidance, recognition and prompt management of nonneurologic complications such as renal failure, cardiopulmonary dysfunction and postoperative hemorrhage.
